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(54) ANGLE SPEED SENSOR 

(57) The present invention is intended to provide an 
angular rate sensor driving circuit that shortens a start- 
up time without increasing a maximum level of amplifi- 
cation factor of a variable gain amplifier beyond a prede- 
termined degree, from an overall aspect including a 
problem of saturation in waveform of an output voltage 
of the variable gain amplifier, maintaining noise low, and 
stability in controlling a vibrating amplitude of a tuning 
fork vibrator constant. 

In order to achieve the object, this invention pro- 
vides a structure, wherein an output signal of a first 
amplifier (2) is input to a positive input terminal of a third 
amplifier (20), a first resistor (22) is inserted between a 
negative input terminal of the third amplifier (20) and an 
output terminal of the third amplifier (20), a voltage hav- 
ing a potential in the vicinity of 1/2 of a power supply 
voltage is impressed on the negative input terminal of 
the third amplifier (20) through a capacitor (21), a sec- 
ond resistor (23) and a switching means (27) are con- 
nected in series between the output terminal of the third 
amplifier (20) and an input terminal of a second ampli- 
fier (6). and the switching means (27) is activated by an 
output of a level judgement circuit (26). 
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Description 

Field of the Invention 

[0001] Hie present invention relates to an angular 
rate sensor. 

Background of the Invention 

[0002] As a known angular rate sensor of the prior 
art, there is disclosed one in page 26 through page 33 
of the Journal of Nippondenso Engineering Society 
(Vol. 38, No. 3, 1994). This angular rate sensor com- 
prises an exciting unit for providing a tuning fork vibrator 
with vibration, a means for detecting a vibration level of 
the vibrator, a detection means for detecting Coriolis' 
force generated responsive to an angular rate, a first 
amplifier for amplifying an output signal of the means for 
detecting vibration level, a rectifier circuit for rectifying 
an output signal of the first amplifier to obtain a DC volt- 
age, a comparator of an output voltage of the rectifier 
circuit with a reference voltage, and a variable gain 
amplifier connected to the exciting unit in a manner that 
a vibrating amplitude of the tuning fork vibrator is con- 
trolled to be constant by varying an amplification factor 
for amplifying a voltage, which is produced by shifting a 
phase of an output voltage of the first amplifier by 90 
degrees, according to an output voltage of the compara- 
tor. 

[0003] With the prior art technique as described 
above, there is an effect to a certain extent for shorten- 
ing a start-up time of the sensor, because the variable 
gain amplifier operates in a manner to rapdly increase 
a vibrating amplitude of the tuning fork vibrator, since 
the amplification factor of the variable gain amplifier 
becomes the maximum within a predetermined degree 
immediately after a power supply is turned on. However, 
because a variable range of the amplification factor of 
the variable gain amplifier is limited and it can not be 
boosted so much, it has needed a fairly long time for the 
tuning fork vibrator before a level of its vibrating ampli- 
tude reaches a predetermined degree. In addition, 
although it is possible to shorten the start-up time of the 
sensor if the maximum level of amplification factor of the 
variable gain amplifier is set greater than the predeter- 
mined degree, it is difficult to increase the maximum 
level of amplification factor of the variable gain amplifier 
beyond the predetermined degree from an overall 
aspect including a problem of saturation in waveform of 
an output voltage of the variable gain amplifier, main- 
taining noise low, and stability in controlling a vibrating 
amplitude of the tuning fork vibrator constant. 
[0004] It is therefore difficult to shorten a time (the 
start-up time) required to bring the vibrating amplitude 
of the tuning fork vibrator constant without boosting the 
maximum level of amplification factor of the variable 
gain amplifier beyond the predetermined degree. More- 
over, it is extremely difficult to reduce a time constant 



x = Q / 2nf (where T is a driving frequency) without a 
substantial increase of T, in a such case as a crystal 
tuning fork vibrator having a large degree of sharpness 
"Q" (vibrating energy / supplied energy). Therefore, it 
5 becomes a considerable obstacle to be not able to 
boost the maximum level of amplification factor of the 
variable gain amplifier beyond the predetermined 
degree in order to reduce the start-up time. 

io Summary of the Invention 



[0005] The present invention is intended to solve 
the above-mentioned problem of the prior art, and it 
aims at providing an angular rate sensor that is capable 
of realizing a reduction of a start-up time. 
[0006] In order to solve the above problem, the 
present invention is characterized by having an exciting 
unit for providing a vibrator with vibration, a means for 
detecting a vbration level of the vibrator, a detection 
means for detecting Coriolis' force generated respon- 
sive to an angular rate, a first amplifier for amplifying an 
output signal of the means of detecting vibration level, a 
rectifier circuit for rectifying an output signal of the first 
amplifier to obtain a DC voltage, a variable gain ampli- 
fier for taking as an input the output signal of the first 
amplifier and for varying an amplification factor accord- 
ing to an output voltage of the rectifier circuit, a second 
amplifier for amplifying an output signal of the variable 
gain amplifier, a level judgement circuit in which the out- 
put voltage of the rectifier circuit and an output voltage 
of a reference voltage generator are input, and a third 
amplifier and a switching means placed between the 
first amplifier and the second amplifier, wherein the out- 
put signal of the first amplifier is input to a positive input 
terminal of the third amplifier, a first resistor is inserted 
between a negative input terminal of the third amplifier 
and an output terminal of the third amplifier, a voltage 
having a potential in the vicinity of 1/2 of a power supply 
voltage is impressed on the negative input terminal of 
the third amplifier, a second resistor and the switching 
means are connected in series between the output ter- 
minal of the third amplifier and an input terminal of the 
second amplifier, and the switching means is activated 
by an output of the level judgement circuit. 
[0007] A structure as described above is able to 
realize a reduction of the start-up time of the angular 
rate sensor, while clearing entirely the general matters 
such as a problem of saturation in waveform of an out- 
put voltage of the variable gain amplifier, maintaining 
noise low, and stability in controlling a vibrating ampli- 
tude of the tuning fork vibrator constant. It is especially 
effective in such case as a crystal tuning fork vibrator 
having a large degree of sharpness "Q". 
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Brief Description f the Drawings 
[0008] 

Fig. 1 is a block diagram depicting an exemplary 
embodiment of an angular rate sensor of the 
present invention; 

Fig. 2 is a timing chart for switching control of a sec- 
ond voltage amplifier in the same sensor; and 
Fig. 3 is a graphical representation depicting an 
output signal of a means of detecting vibration level 
and a mode of voltage applied to a vibration exciting 
unit. 

Description of the Preferred Embodiments 
(Exemplary Embodiment) 

[0009] Fig. 1 is a block diagram of an angular rate 
sensor of an exemplary embodiment of the present 
invention. Referring to Fig. 1 , designated at a numeral 1 
is a vibration type angular rate sensor element block 
having a tuning fork structure, a numeral 2 is a first 
amplifier, a numeral 3 is a rectifier, a numeral 4 is a 
smoothing circuit, a numeral 5 is a variable gain ampli- 
fier, a numeral 6 is a second amplifier, a numeral 7 is a 
fourth amplifier, a numeral 8 is a synchronous detector, 
and a numeral 9 is a low-pass filter. A reference numeral 

10 designates an exciting unit composed of a piezo- 
electric element attached to a vibrating member, a 
numeral 11 is a means composed of another piezo- 
electric element attached to a vibrating member for 
detecting a vibration level, and numerals 12 and 13 are 
first and second detection means for detecting Coriolis' 
force generated responsive to an angular rate. The 
exciting unit 10 and the first detection means 12 are 
bonded together orthogonally to each other, the means 

1 1 of detecting vibration level and the second detection 
means 13 are also bonded orthogonally to each other, 
and these are connected by a connecting plate 14. The 
vibration type angular rate sensor element block 1 hav- 
ing a tuning fork structure is thus constructed by sup- 
porting the connecting plate 14 at one point with a 
supporting post 15. There comprises the means 1 1 for 
detecting a vibration level of tuning-fork vibration 
caused by oscillation of the exciting unit 10, the first 
amplifier 2 for amplifying an output signal of the means 
1 1 of detecting vibration level as its input signal, the rec- 
tifier 3 for rectifying an output signal of the first amplifier 
2, the smoothing circuit 4 for smoothing an output volt- 
age of the rectifier 3. the variable gain amplifier 5 whose 
amplification factor for amplifying an output voltage of 
the first amplifier 2 varies responsive to a magnitude of 
an output voltage of the smoothing circuit 4. thereby 
controlling a vibrating amplitude of the tuning fork vibra- 
tor constant, and the second amplifier 6 for amplifying 
an output signal of the variable gain amplifier. 

[001 0] Signals of the first and the second detection 



means 12 and 13 for detecting Coriolis' force generated 
responsive to an impressed angular rate are amplified 
by the fourth amplifier 7, detected by the synchronous 
detector 8 at a vibrating cycle of the tuning fork vibrator 

5 to become a voltage proportional to the angular rate, 
and it is output as an angular rate voltage signal after 
amplified by the low pass filter 9. 
[0011] Furthermore, in Fig. 1, a reference numeral 
20 designates a third amplifier, numeral 21 a capacitor, 

io numeral 22 a first resistor, numeral 23 a second resistor, 
numeral 24 a capacitor, numeral 25 a reference voltage 
generator, numeral 26 a level judgment circuit, and 
numeral 27 a switching means. 

[0012] In addition, there are provided with the level 

15 judgment circuit 26, in which the output voltage of the 
rectifier 3 and an output voltage of the reference voltage 
generator 25 are input, and the third amplifier 20 and 
the switching means 27 between the first amplifier 2 and 
the second amplifier 6. A negative input terminal of the 

20 third amplifier 20 is connected with a voltage having 1/2 
of a power supply voltage Vcc through the capacitor 21 . 
[0013] Moreover, an output signal of the first ampli- 
fier 2 is input to a positive input terminal of the third 
amplifier 20. the first resistor 22 is inserted between the 

25 negative input terminal of the third amplifier 20 and an 
output terminal of the third amplifier 20, and the second 
resistor 23 and the switching means 27 are connected 
in series between the output terminal of the third ampli- 
fier 20 and an input terminal of the second amplifier 6. 

30 The first resistor 22 and the second resistor 23 are 1 MQ 
and 20kn respectively, and the switching means 27 is 
turned on and off according to a potential of voltage 
charged in the capacitor 24, the level judgment circuit 
26 (a voltage potential set by the reference voltage gen- 

35 erator 25 is denoted as V1), and the timing chart for 
switching control shown in Fig. 2, after a power supply 
(not shown) is turned on. The third amplifier 20 operates 
for an output waveform between the power supply volt- 
age and the grounding voltage with the reference volt- 

40 age (1/2 of the power supply voltage Vcc) at the median, 
and that the third amplifier 20 goes on and off respec- 
tively in a first stage and a second stage shown in the 
timing chart (refer to Fig. 2). As shown in Fig. 3. an out- 
put voltage in the second amplifier 6 can be made very 

45 large (a voltage impressed upon the exciting unit 10 
becomes maximum of the output voltage from the start) 
during an initial stage when a vibrating amplitude of the 
tuning fork vibrator is small (i.e. the initial stage wherein 
an output signal of the means 11 of detecting vibration 

so level is small), and an amplification factor of it becomes 
small (the voltage impressed upon the exciting unit 10 
becomes small) in the latter half when the vibrating 
amplitude of the tuning fork vibrator becomes closer to 
a predetermined level (i.e. in a stage wherein the output 

55 signal of the means 11 of detecting vibration level 
reaches a predetermined value). It is therefore possible 
to clear entirely the genera! matters such as a problem 
of saturation in waveform of the output voltage, main- 
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taining noise low, and stability in controlling the vibrating 
amplitude of the tuning fork vibrator constant, because 
not only is it capable of substantially reducing a start-up 
time of the angular rate sensor, but also is it capable of 
activating the third amplifier 20 by the switching means 5 
7 only when necessary during the start-up, thereby 
maintaining the maximum level of amplification factor of 
the variable gain amplifier 5 at a predetermined level as 
in the past at least after having entered into a final con- 
trol stage. 10 
[0014] Moreover, it is also possible to arbitrarily set 
a time for the vtorating amplitude of the tuning fork vibra- 
tor to become constant, as a matter of course, by setting 
the voltage potential charged in the capacitor 24 and the 
voltage potential V1 set in the level judgment circuit 26, is 
as desired, and also by setting the amplification factor in 
each stage, as shown in Fig. 2. 
[0015] Although what has been described in the 
present exemplary embodiment relates only to an 
example of the vibration type angular rate sensor ele- 20 
ment block having a tuning fork structure, composed of 
a piezo-electric element attached to a vibration mem- 
ber, this is not necessarily restrictive. If a crystal tuning 
fork vibrator having a large degree of sharpness "Q" is 
used, in particular, as the vibration type angular rate 25 
sensor element block of a tuning fork structure, its effec- . 
tiveness becomes remarkable. 

[0016] Furthermore, the vibrator needs not be lim- 
ited only to the vibration type having the conventional 
tuning fork structure. 30 
[0017] Moreover, although what has been 
described in the present exemplary embodiment is an 
example in which the voltage having 1/2 of the power 
supply voltage Vcc is connected to the negative input 
terminal of the third amplifier 20 through the capacitor 35 
21, it needs not be precisely 1/2, but any value in the 
vicinity of the 1/2 can suffice the requirement properly. 

Industrial Applicability 

40 

[0018] According to the present invention, as 
described above, an angular rate sensor is provided 
which not only has a function of arbitrarily setting a time 
for vibrating amplitude of a vibrator to become constant, 
but also is capable of substantially reducing a start-up 45 
time while clearing entirely the general matters such as 
a problem of saturation in waveform of an output voltage 
of a variable gain amplifier, maintaining noise low, and 
stability in controlling the vibrating amplitude of the 
vibrator constant, since it can maximize an output volt- so 
age of a second amplifier by a third amplifier and a 
switching means upon a start-up, and maintain the max- 
imum level of amplification factor of the variable gain 
amplifier at a predetermined level as in the past at least 
after having entered into a final control stage. 55 



Reference numerals 
[0019] 

1 Vibration type angular rate sensor element block 
having a tuning fork structure 

2 First amplifier 

3 Rectifier 

4 Smoothing circuit 

5 Variable gain amplifier 

6 Second amplifier 

7 Fourth amplifier 

8 Synchronous detector 

9 Low pass filter 

10 Exciting unit 

1 1 Means for detecting a vibration level 

12 First detection means for detecting Coriolis' 
force 

13 Second detection means for detecting Coriolis' 
force 

14 Connecting plate 

15 Supporting post 
20 Third amplifier 
21 ,24 Capacitor 

22 First resistor 

23 Second resistor 

25 Reference voltage generator 

26 Level judgment circuit 

27 Switching means 

Claims 

1 . An angular rate sensor comprising: 

an exciting unit for providing a vibrator with 
vibration; 

a means for detecting a vibration level of said 
vibrator; 

a detection means for detecting Coriolis* force 
generated responsive to an angular rate; 

a first amplifier for amplifying an output signal 
of said means of detecting vibration level; 
a rectifier circuit for rectifying an output signal 
of said first amplifier to obtain a DC voltage; 
a variable gain amplifier for taking as an input 
the output signal of said first amplifier, wherein 
an amplification factor varies according to an 
output voltage of said rectifier circuit; 
a second amplifier for amplifying an output sig- 
nal of said variable gain amplifier; 
a level judgement circuit wherein the output 
voltage of said rectifier circuit and an output 
voltage of a reference voltage generator are 
input; and 

a third amplifier and a switching means placed 
between said first amplifier and said second 
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amplifier, 

wherein said angular rate sensor is constructed 
in a manner that: 

the output signal of said first amplifier is input to 
a positive input terminal of said third amplifier; 5 
a first resistor is inserted between a negative 
input terminal of said third amplifier and an out- 
put terminal of said third amplifier; 

a voltage having a potential in the vicinity of 1/2 10 
of a power supply voltage is impressed upon 
the negative input terminal of said third ampli- 
fier through a capacitor; 
a second resistor and said switching means 
are connected in series between the output ter- 15 
minal of said third amplifier and an input termi- 
nal of said second amplifier; and 
said switching means is activated by an output 
of said level judgement circuit. 
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FIG. 2 
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FIG. 3 
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